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Description 

Field of the Invention 

This invention relates generally to methods and ap- 
paratus for conducting assays lor analytes. In particular, 
the invention relates to methods and apparatus for con- 
ducting highly sensitive specific binding assays for an- 
alytes utilizing a novel insoluble matrix comprising bind- 
ing sites for the analytes. 

Background of the Invention 

The need to rapidly detect the presence or concen- 
tration of trace quantities of organic compounds in var- 
ious industrial, research, and clinical contexts is well un- 
derstood in the art. Millions of clinical assays have been 
conducted. Immunoassay is now exploited to detect the 
presence of toxins or contaminants in food and water, 
and in many other research, diagnostic, and quality con- 
trol contexts. Process monitoring systems are of partic- 
ular importance in the production of therapeutic sub- 
stances for human use, where Federal regulatory agen- 
cies place stringent controls on product quality. The 
monitoring system should be rapid, allowing the data 
generated to be used in a feedback system to adjust 
process parameters. The monitoring system should al- 
so be adaptable and easily altered to analyze different 
samples. Tests which are sensitive, fast, easy to per- 
form, and readily adaptible for assay of a given antigen 
are in great demand. 

High performance liquid chromatography (HPLC), 
high performance capillary electrophoresis (HPCE), 
rapid analytical immunoassay (RAIA), or some combi- 
nation of these, are alternative analytical techniques 
that may be adapted for rapid process monitoring. Each 
of these techniques has limitations. Chromatography 
and electrophoresis analyze samples by separation, 
based on size or charge. During the early stages of pro- 
tein purification the product may be contaminated with 
a large number of other proteins and constitute less than 
1 0% of the total protein mass, making it difficult to iden- 
tify a protein of interest in a process stream by conven- 
tional separation techniques. Similarly, at the very late 
stages of protein purification, protein purity is very high, 
generally exceeding 95%. At high concentrations of a 
single product, a chromatogram or electropherogram is 
essentially a single peak, making it difficult to detect 
small concentrations of contaminants in this range. Sep- 
aration methods here are also of limited utility. 

In addition, chromatographic and electrophoretic 
analyses are limited by the time required, to perform 
them. The speed of conventional HPLC analysis gener- 
ally is limited by the porous particulate chromatographic 
packings used in conventional HPLC. While mobile 
phase mass transfer between the particles is convec- 
tional in HPLC, mobile phase mass transfer within the 
porous particles is primarily diffusional, substantially 



slowing the progress of the protein through the matrix. 
The speed of electrophoresis separation is a function of 
the voltage applied across the system. However, heat 
production increases with the square of the voltage. 

s Thus, the maximum voltage most electrophoresis sys- 
tems will tolerate is limited by the speed with which they 
can dissipate the heat generated by the applied voltage. 

Of the three alternative analytical techniques, rapid 
analytical immunoassay (RAIA) appears to be the only 

io technique of sufficient discriminating power to isolate a 
protein of interest from both crude samples and sub- 
stantially pure products. Moreover, because an immu- 
noassay involves a specific binding interaction with the 
protein of interest, to a first approximation, the assay 

is provides a method of determining if the protein is folded 
correctly However, conventional analytical immu- 
noassays, performed as equilibrium reactions, also are 
limitec by the incubation times required in most assays. 
Immunoassays are based on the well-known reac- 

20 tions between an antibody or other specific binding pro- 
tein and the specific antigen or hapten (analyte) for that 
antibody. The general principal can be applied to any 
specific binding interaction between a binding protein 
and its ligand. In the "competitive" protocol, an analog 

25 of the sample antigen or analyte competes with the sam- 
ple antigen for complex formation with an antibody 
which typically is immobilized on an insoluble support. 
The competing analog is often a purified form of the 
sample antigen that is tagged with a detectable moiety, 

30 e.g., with a fluorescent or radioactive tracer material. 
The analog also can be tagged with an enzyme having 
a readily assayable activity, such as reacting with a sub- 
strate to give a colored product. The fraction of tagged 
analog bound to the antibody (or remaining free in so- 

35 lution) is then measured, and is related to the amount 
of sample antigen (analyte) present in the reaction. It 
has generally proven easier to quantitate the bound spe- 
cies. 

Many approaches to this technique have been de- 

40 veloped which differ mostly in the order and timing of 
the addition of sample antigen and tagged analog to the 
antibody, and in the method of separating bound and 
free species. (See Bolton et al., Handbook of Experi- 
mental Immunology , Weir, D.M., Ed., Blackwell Scien- 

45 tific Publications, Oxford, 1 986; Vol. 1 , chapter 26, for a 
general discussion on immunoassays.) 

Immobilized immunoassays (called immunosorb- 
ent assays) wherein the antibodies are immobilized on 
a solid support of the type often used in chromatogra- 

50 phy, such as Sepharose beads, also are known. The 
Sepharose beads can be packed into a column, allowing 
the sample to be captured, and impurities to be washed 
away. The antibody (or immobilized component) is gen- 
erally covalently attached to the solid Sepharose sup- 

55 port. Alternatively, the antibody may interact reversibly 
with the solid support if the support's surface includes a 
component, such as protein A, capable of specific, re- 
versible interaction with the antibody. If the immobilized 
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component is reversibly bound to the solid support, the 
bound complexes can be eluted and the analog-anti- 
body complexes quantitated. Quantitation requires that 
the analog be tagged in some way, to distinguish com- 
plexed analog from complexed sample antigen. See, for 
example, Mattiasson etal., Proc. Int. Symp. on Enzyme- 
Labelled Immunoassay of Hormones and Drugs , Pal, 
S., Ed., Walter de Gruyter, Berlin (1978), p. 91. 

Biotechniques, Vol. 11, No. 2, 1991 , pages 226-231, 
discloses an assay technique for antibodies using pro- 
tein A or protein G bound to Perfusion Chromatogra- 
phy™ support matrices. 

If the immobilized component is covalently attached 
to the solid support, the sample antigen can be analyzed 
by simply eluting it from the column and quantitating it 
with a UV detector, potentially eliminating the need for 
a tagged competitor. Unfortunately, many compounds 
used to elute sample antigens, so-called eluting agents, 
coelute with the antigen and can cause a significant per- 
turbation of the detection base line, making it difficult to 
differentiate the elution profile of the sample antigen 
from that of the eluting agent. In practice, this effect can 
diminish the sensitivity of the assay by more than 100 
fold, depending on the detection wavelength and eluting 
agent used. A second disadvantage with this system, 
and of particular importance for a rapid monitoring sys- 
tem, is that it typically requires covalent immobilization 
of the binding protein or antibody to prevent its elution 
with the antigen. This means that the column must either 
be dedicated to the analysis of a single antigen for its 
lifetime, or that the column be repacked each time a dif- 
ferent sample antigen is to be sampled. 

An additional concern with conventional analytical 
immunoassays as a monitoring protocol is that the re- 
quirement for equilibrium conditions often demands 
substantial incubation times. In fact, U.S. Patents Nos. 
4,816,418 and 4,128,628 each describe an apparatus 
for the automated assay of multiple samples in se- 
quence that attempt to overcome the limitation imposed 
by reaction incubation times. In each apparatus the 
samples can be sidetracked to incubate and are re- 
trieved to quantify after the reactions have reached equi- 
librium. A typical assay may take ten or more minutes 
to perform, which is often too long for feedback analysis. 

A second specific binding assay protocol involves 
formation of a binding site-analyte-tagged binding site 
complex known as a "sandwich." The most popular form 
of this assay is the enzyme linked immunosorbent assay 
(ELISA). In an ELISA, a first antibody (Ab1) targeted 
against a specific antigen (Ag) is immobilized on a solid 
support, producing an immunosorbent (support-Ab1 ). In 
research, the most widely used immunosorbent is a pol- 
ystyrene plate, or a microtiter plate. The microliter plate 
has a series of wells, and antibodies are immobilized on 
the walls of the wells. The ELISA method involves incu- 
bation of the immunosorbent with a solution suspected 
to contain the antigen to form a sorbed antibody antigen 
complex (support-Abl:Ag). The sorbed antigen is then 



incubated with a second antibody (Ab2) to which an en- 
zyme (E) has been conjugated to form a support Ab1 : 
Ag:Ab2-E complex or "sandwich". The support-Ab1:Ag: 
Ab2-E complex is then incubated with enzyme sub- 
5 strate. The reaction of the enzyme with the substrate 
then may be quantitated by absorbance, fluorescence, 
or other detection means. Antigen quantitation is 
achieved by relating the rate of product formation, or the 
total amount of product formed in a fixed time, to the 
amount of absorbed antigen. 

ELISA determinations generally are carried out on 
a fixed time basis, and can only span approximately a 
50 fold range of concentration, without changing either 
incubation time or some other variable. This results in 
the problem that samples of unknown antigen concen- 
tration may be too dilute or too concentrated for the ELI- 
SA system. When the sample is too concentrated, one 
must use multiple dilutions to bring the sample into the 
range of the assay. On the other hand, when the sample 
is too dilute, one must use longer incubation times. Both 
of these approaches are time consuming. ELISA deter- 
minations generally require 1-24 hours. Because the as- 
say is relatively slow, it is necessary to carry out large 
numbers of assays in parallel to obtain sufficiently high 
throughput to be useful. 

Antibodies, antigens and enzymes are immobilized 
at a surface in the ELISA systems, and therefore the 
enzyme assay portion of the determination is heteroge- 
neous. The rate of transfer of substrate to the surface 
and product away from the surface can be rate limiting. 
This is particularly true when the amount of sorbed en- 
zyme is high. Substrate will be exhausted near the sur- 
face and product will build up to higher concentrations 
at the surface than in the rest of the reaction vessel. This 
is a particularly significant problem with enzymes that 
are product inhibited. Product inhibition will cause the 
immunological assay to be non-linear. 

The ELISA system also suffers from the problem of 
nonspecificity. When the concentration of antigen in the 
solution being assayed is very low, only a few of the Ab1 
binding sites are occupied by Ag. In this case it is pos- 
sible for some of the Ab2-E conjugate to sorb to the im- 
munosorbent non-specifically. Ab2-E conjugate that is 
non-specifically sorbed will also produce product and 
give a signal higher than expected from the amount of 
Ag absorbed. 

De Alwis and Wilson reported that antibodies immo- 
bilized on a chromatographic material could be used in 
a continuous flow ELISA system, wherein the products 
of the immobilized enzyme reaction were formed con- 
tinuously and transported to a detector, (de Alwis, W.U. 
and Wilson, G.S. (1985) Anal. Chem. 57 pp. 
2754-2756.) 

It is an object of this invention to provide a method 
and apparatus for the rapid, quantitative assay of an an- 
alyte that can be used as part of a protein production 
monitoring system for all stages of protein purification, 
and which can provide an alternative to conventional im- 
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munoassay methods. Another object of the invention is 
to provide a method and apparatus for the assay of plu- 
ral, different samples of analytes. Still another object is 
to provide a method for the rapid assay of samples of 
an analyte to overcome the time limitations imposed by 
conventional immunoassay and separation techniques. 

These and other objects and features of the inven- 
tion will be apparent from the description, drawings, and 
claims that follow. 

Summary of the Invention 

Disclosed is an apparatus and method for the rapid 
flowthrough assay of an analyte. A binding protein hav- 
ing a binding site capable of binding selectively to an 
analyte is immobilized on the surface of a rigid matrix 
defining a flowpath, the flowpath having a flowpath vol- 
ume tillable with fluid having access to the surface. The 
geometry of the matrix provides several unique at- 
tributes to the method and apparatus. A liquid sample 
containing the analyte and other reagents used in spe- 
cific binding assays may be delivered convectively 
through the matrix, to the flowpath volume, and substan- 
tially adjacent the surface comprising the immobilized 
binding protein to permit formation of a binding protein: 
analyte complex at a rate not dependent on diffusion. A 
detectable tagging reagent capable of binding with the 
binding protein or the complex is then delivered convec- 
tively to the matrix. The amount of tagging reagent which 
is bound thereafter is detected to provide an assay of 
the concentration or presence of the analyte. The 
amount of bound tagging reagent may be detected con- 
ventionally using a spectrophotometer, a spectrofluor- 
ometer, a luminescence detector or other means known 
in the art. The binding protein/analyte combination can 
be any receptor/ligand combination capable of specific 
reversible binding, including antibody and antigen. The 
apparatus and methods may be used to detect any sub- 
stance for which a specific binding material is known, 
can be produced, or be manufactured. The speed, ver- 
satility, and sensitivity of the assay methods permit them 
to be used in process monitoring and quality control pro- 
cedures. A particularly useful application of the methods 
is in clinical analyses, to assay the presence and/or con- 
centration of different solutes in a body fluid sample.. In 
this case, different binding proteins may be included on 
the matrix for each analyte. 

The rapid flowthrough assays may be implemented 
using high speed matrices capable of perfusion. These 
matrices typically comprise particles which may be of 
the same overall size as are sometimes employed in 
conventional chromatography matrices, but having in- 
creased intraparticle porosity. Typically, 1 0-20 u>m diam- 
eter particles of perfusive matrices have intraparticle 
throughpores of relatively large mean diameter (e.g., 
6000-8000A) and a network of smaller mean diameter 
(500-1500 A) subpores extending from or interconnect- 
ing the larger throughpores. The resulting network limits 



the diffusional path lengths within the particles so that 
mass transfer within the particle pores is essentially gov- 
erned by convection. The effect is to increase the mobile 
phase velocity of these systems to greater than 10-100 

s times that of conventional HPLC systems (for example, 
greater than 1000cm/hr), without substantial loss in 
binding capacity, and in fact effective substantial en- 
hancement. The reduced diffusional path lengths in the 
perfusive matrix systems greatly enhances the speed of 

10 the assays of this invention. 

Combined with the increased porosity of the parti- 
cles capable of perfusive transport is a substantially in- 
creased surface area available for attachment of binding 
protein, typically to levels within the range of 30 to 50 

75 m 2 /ml, as measured by mercury porosimetry, for 10-20 
ujti particles. One ml of perfusive matrix is capable of 
binding at least about 1 0-20 mg of binding protein. Thus, 
for example, 10 u.g of binding protein occupies less than 
1/1000 of the total binding protein attachment capacity 

20 of a one ml matrix. The exceptionally high surface area 
provided by perfusive matrices allows one to reduce the 
column volume required for an assay significantly. A 
binding protein may be immobilized on the matrix 
through either covalent or noncovalent interactions. The 

25 binding protein can be reversibly bound to the matrix 
surface, to provide a system that is flexible and reusa- 
ble. 

A description of perfusive matrix material is provid- 
ed in U.S. Patent No. 5,019,270, issued May 28, 1991; 

30 and in Afeyan et al., (1 990) Bio/Technology 8:203.-206. 
Perfusive matrix materials are available commercially 
from PerSeptive Biosystems, Inc. of Cambridge, Mas- 
sachusetts, U.S.A. The preferred material for manufac- 
ture of the particles is polystyrene divinylbenzene copol- 

35 ymer. 

In addition, a non-porous particulate matrix may be 
used, wherein tortuous channels are formed by the in- 
terstitial space among the particles. Such matrices have 
a much lower net capacity than perfusive matrices, and 

40 require operation at higher pressure drops, but can be 
used and may be very useful for microanalysis. 

Matrices useful in the process and apparatus of the 
invention may take various forms in addition to the 
packed particle forms disclosed above. They can com- 

45 prise one or a bundle of microcapillaries, very shallow 
beds structurally similar to a membrane, or three dimen- 
sional cylindrical structures which are the equivalent of 
intercontacted packed particles. What the matrices 
have is common is that 1 ) reagents can be delivered 

50 convectively very close to the active surface comprising 
the binding protein and 2) the ratio of the area of the 
surface to the volume that can be filled with liquid adja- 
cent that surface is at least about 10 4 cm 2 /cm 3 , or 10 4 
cnrr 1 , preferably 10 6 cm' 1 . While diffusive transport of 

55 solute such as analyte, tagged moieties, etc., is always 
necessary if the solute is to react with a surface bound 
substance, the distance diffusion must occur is neces- 
sarily very small, e.g., no greater than about 10.000A. 
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Matrices may be utilized which have a coating on 
the hydrophobic surface of the matrix beads which pro- 
duces a continuous hydrophilic film. The coating com- 
pounds may contain hydroxyl, epoxy, halide, or other re- 
active side groups, as described in United States Patent 
No. 5,030,352, issued July 9, 1991. 

I n one embodiment of the invention, the binding pro- 
tein may be an antibody. In the case where the binding 
protein is an antibody, the matrix surface may comprise 
an antibody specific to the Fc region of the binding pro- 
tein antibody (such as immunoglobulins generated 
cross-species). In addition, protein A or protein G, two 
proteins known to bind to the Fc region of immunoglob- 
ulins may be used. Multiple antibodies may also be at- 
tached to the matrix, to provide an assay system for a 
plurality of analytes. 

The invention provides an optimal system for a rap- 
id flowth rough enzyme linked immunoassay (ELISA). In 
one embodiment, a binding protein is immobilized on a 
column containing the peri usive matrix particles. An an- 
alyte is then perfused through the column containing the 
immobilized binding protein to form a binding protein: 
analyte complex on the matrix. A tagging reagent com- 
prising ah enzyme linked to an antibody capable of bind- 
ing with the complex is then perfused through the col- 
umn, allowing the tagging reagent to bind to the immo- 
bilized binding protein:analyte complex. Perfusion of the 
matrix with an enzyme substrate solution results in the 
elution of product, which can be detected spectroscop- 
ically or by any of number of methods known in the art. 
This provides a rapid assay of the analyte. 

These and other aspects of the invention will be un- 
derstood more fully by reference to the following de- 
tailed description in conjunction with the attached draw- 
ings. 

Brief Description of the Drawings : 

Figures 1 -4 are illustrations of matrix particles used 
in one embodiment of the invention. 

Figure 5 is an illustration of an apparatus of the in- 
vention. 

Figures 6-8 are graphs illustrating methods of the 
invention. 

Figure 9 is an illustration of a capillary tube matrix 
used in one embodiment of the invention. 

Detailed Description 

In its broadest sense, this invention describes a 
method and apparatus for the rapid flowth rough assay 
of an analyte. The process is useful as a monitor to de- 
tect protein concentration in a protein production proc- 
ess. The process may also be used for detecting an an- 
alyte in a biological fluid sample. 

As used herein, the following terms have the follow- 
ing meanings: 



"Analyte", as used herein, includes any sample 
compound to be analyzed that is capable of being 
bound specifically and reversibly to another com- 
pound, herein referred to as the "binding. protein". 
s Useful analytes and binding proteins include anti- 
gens (or haptens) and antibody binding sites, lig- 
ands and receptors, and any other compound com- 
binations capable of specific reversible binding in- 
teractions. 

Matrix, as used herein, means a solid structure hav- 
ing a surface with an area accessible to an analyte 
flowed through or by the surface on which a binding 
protein may be immobilized. 

The invention relates to apparatus and methods for 
the rapid hypersensitive flowthrough assay of an ana- 
lyte. A binding protein having a binding site, capable of 
binding selectively to an analyte, is immobilized on a rig- 
id matrix defining a flowpath the matrix having a surface 
with an area, the flowpath having a flowpath volume fill- 
able with fluid having access to the surface. A liquid 
sample containing the analyte is delivered convectively 
to the flowpath volume through the matrix to permit for- 
mation of a binding protein:analyte complex. A detecta- 
ble tagging reagent capable of binding with the binding 
protein or the complex is then delivered convectively to 
the matrix and the amount of tagging reagent which is 
bound is detected to provide an assay of the concentra- 
tion or presence of the analyte. The amount of bound 
tagging reagent may be detected by means of a spec- 
trophotometer, a spectrofluorimeter, an illuminescence 
detector or other means. In an alternative embodiment, 
the liquid flowthrough of the analyte or the tagging rea- 
gent may be temporarily stopped to provide enhanced 
binding. In another embodiment, the analyte and the 
tagging reagent may be preincubated together prior to 
the convective delivery to enhance binding and then the 
bound analyte and tagging reagent may be delivered 
convectively to the matrix together. 

The perfusive matrix suitable for use with the 
present invention includes close packed particles such 
as particle 10, illustrated schematically in Figure 1. As 
is illustrated in Figure 1 , the matrix includes a first pore 
set of extraparticle channels 12, which have a relatively 
large mean diameter, defined by the interstices among 
the packed particles. The matrix also includes a second 
set of throughpores 14 having a smaller diameter and 
defined by the body of each particle 10. Also defined 
within particle 10 is a set of diffusive transport pores 16. 
The mean diameter of the extraparticle channels 12 is 
larger than that of the throughpores 14. The ratio of the 
mean diameters of channels 12 and the throughpores 
14 is such that, when the particles are close-packed in 
a bed, there exists a threshold of fluid velocity which can 
practically be achieved in the bed which induces a con- 
vective flow within the throughpores 14 that is faster 
than the rate of molecular diffusion within the pores. 
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Above the threshold bed velocity, the bed is said to be 
operating in the perfusive domain where contact be- 
tween the binding protein and the analyte is no longer 
bound by diffusive transport. Precisely where this 
threshold of perfusion occurs depends on many factors, 5 
but primarily it depends upon the ratio of the mean di- 
ameters of the first and second pore sets. The smaller 
that ratio, the lower the threshold velocity. In preferred 
embodiments, the ratio of the mean particle diameter to 
mean intraparticle throughpore diameter is less than 70, to 
most preferably less than 50. 

Figures 2 through 4 show a detailed schematic il- 
lustration of particles 20, utilized in the perfusive matrix 
of the invention, in varying scale. Fig. 2 is a cross section 
of a chromatography column showing a multiplicity of *5 
particle 20, approximately 10 u,m in diameter, each of 
which contacts its neighbors and define interstices 22 
which comprise the first pore set. The mean diameter of 
the interstices vary widely but generally will be on the 
■ order of 1/3 of the mean diameter of the particles 20. 20 
Circle B in Fig. 2 is exploded tenfold in Fig. 3. Here, the 
microstructure of the bed on a scale of approximately 1 
ujti is illustrated. The particles comprise clusters of po- 
rons illustrated as blank circles 24. The interstices 
among the poron clusters define throughpores 2B. The 2s 
individual porons making up clusters 24 here are illus- 
trated by dots. At the next level of detail, i.e. 0.1 u.m, or 
1 000A (not shown) a poron cluster 24 would be seen to 
comprise a roughly spherical aggregation of porons. In 
such a structure, the interstices among the porons mak- 30 
ing up the aggregates 24 are analogous to the diffusively 
bound particle of conventional chromatography media, 
in which mass transport is diffusion dependent. Figure 
4 illustrates the tortuous path of throughpores 28, within 
particle 20, through which fluids flow by convection. The 35 
perfusive pores are anisotropic, branch at random, vary 
in diameter at any given point, and lead to a large 
number of smaller, often blind pores 29 in which mass 
transport is dominated by diffusion. 

Perfusive matrix particles of about 5 to 100 pirn di- *o 
ameter may be fabricated from much smaller porons us- 
ing conventional suspension, emulsion, or hybrid po- 
lymerization techniques, from such polymers as styrene 
cross linked with divinylbenzene or other copolymers, 
as is disclosed in US. Patent No. 5,01 9,270, issued May 45 
28, 1991. 

The perfusive matrix particles include a large sur- 
face region onto which binding proteins may be immo- 
bilized or other reversible, specific binding structures 
may be fabricated or attached. Binding proteins can be so 
immobilized on all the surfaces of the particles including 
the throughpores. Binding proteins may be covalently 
attached to the surfaces at high concentration using any 
one of a number of techniques well known to those 
skilled in the art. Alternatively, binding proteins may be ss 
noncovalently attached to the matrix support. Noncov- 
alent attachment provides a number of advantages over 
covalent attachment, chief among them being cost effi- 



ciency and adaptability. A binding protein can be bound 
to the matrix using any of a number of well-known non- 
covalent interactions including hydrophobic/hydropho- 
bic interactions. Thereafter the binding protein may be 
eluted allowing the binding protein and the matrix to be 
reused. 

While perfusive matrix materials are preferred, the 
invention also can be practiced with a non-porous ma- 
trix, in which tortuous channels are formed by the inter- 
stitial space among non -porous particles. These matri- 
ces have a lower net capacity than perfusive matrices 
but they may be very useful for microanalysis. In addi- 
tion to packed particles, matrices useful in the process 
and apparatus of the invention may be embodied as 
bundles of microcapillaries, as shown schematically in 
Figure 9. A high surface area/volume ratio may be pro- 
vided by the use of very small (1 -5 |im) internal diameter 
capillaries, providing a reaction vessel of a few micolit- 
ers/cm. The binding protein may be coated on the inner 
surface of the capillary tube. Solutes are transported 
through the capillary tube matrix by convection. The 
high surface area to volume ratio of the capillary tubes 
increases the available reaction volume. The matrices 
may further comprise a membrane structure. 

In all the matrix materials used in the methods of 
the invention, the ratio of the area of the surface to the 
volume that can be filled with liquid adjacent that surface 
is at least about 10 4 crrr 1 , preferably lO^nrr 1 . In these 
matrices, reagents can be delivered convectively very 
close to the active surface comprising the binding sites, 
so that the distance over which diffusive transport must 
occur is very significantly diminished in comparison to 
conventional assay systems. 

The matrix provides an exceptionally high surface 
area to volume ratio (typically on the order of 30-50 m 2 / 
ml for 10-20 (im particles) and rapid kinetics. In the per- 
fusion mode, mass transport of solutes including the an- 
alyte, tagging reagent or substrate to regions within the 
matrix is dominated by convection. The distance over 
which diffusive transport must occur is very significantly 
diminished. This allows the assay of an analyte using 
the immobilized binding proteins to be performed in 
small volumes without compromising capacity. In addi- 
tion, the rapid throughput of perfusive systems allows 
the binding protein and analyte as well as the tagging 
reagent, to be loaded rapidly onto the perfusive matrix 
(e.g., in seconds or minutes) without loss of binding ca- 
pacity. 

The high surface area matrix, wherein the surface 
area to liquid tillable volume is at least 10 4 cm* 1 , pro- 
vides an advantageous system for enhancing the kinet- 
ics of an assay. The solutes, including the analyte and 
tagging reagent are rapidly convectively transported un- 
der high pressure through, e.g., a column containing 
matrix particles having binding proteins immobilized 
throughout the surface area. The rapid flow through the 
extensive surface area including channels and pores in 
the matrix delivers solutes convectively to an enormous 
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excess of binding protein binding sites allowing the sol- 
utes to bind rapidly and efficiently to the matrix. Because 
the diffusional paths of the solution are reduced in the 
matrix structure, mass transfer is facilitated. As the first 
binding sites on the matrix are filled, convective flow- 
through rapidly delivers solutes to binding sites further 
down on the column. The kinetics of the assay are en- 
hanced by the rapid flowth rough and the excess of avail- 
able binding sites. 

The high surface area matrices have a very large 
capacity for binding. For example, 10-20 ujti perfusive 
matrix particles have a surface area typically in the 
range of 30-50 m 2 /ml_. One ml_ of perfusive matrix par- 
ticles is capable of binding 10-20 mg of binding protein. 
Thus even large (mg) scale assays may be performed 
using very small amounts of perfusive matrix material. 

Immobilized binding sites on the. high surface area 
to volume matrices used herein provide enhanced, dy- 
namic range. The concentration of the analyte.to.be as 1 
sayed may range from very low (nanogram) quantities 
to very high (milligram) quantities. When very low quan- 
tities of analyte are assayed on the matrix, e.g., a col- 
umn containing perfusive matrix particles, the analyte 
will concentrate at the top of the column, at the location 
of the first available binding sites. In larger scale assays, 
the analyte can be loaded rapidly onto the column, bind- 
ing to the first available binding protein sites on the ma- 
trix. As the first sites are filled, the convective flow 
through the perfusive matrix rapidly transports analyte 
farther down the matrix to fill the next available binding 
protein sites. Thus both small and large quantities of an- 
alyte may be assayed readily and conveniently. 

The invention also permits one to immobilize a plu- 
rality of antibodies of different types in successive zones 
on the matrix surfaces to assay for a series of analytes 
in a single pass. A solution containing the first antibody 
in the series at a concentration insufficient to saturate 
all available binding sites on the matrix is provided to 
the perfusive matrix, e.g. , flowed through and among the 
packed particles in a column. The solution further is pro- 
vided at a fluid flow velocity sufficient to produce per- 
fusion. At or above this flow rate the antibody will en- 
counter virtually all available binding sites it passes, 
thereby saturating the first available sites, forming.a dis- 
crete zone of immobilized antibody A second solution 
containing a second antibody, also at a concentration 
insufficient to saturate all available binding sites, then is 
added. The antibodies in the second solution, also pro- 
vided to the matrix at a perfusive flow rate, will flow past 
the zone of saturated binding sites containing immobi- 
lized first antibody, and will begin binding the first avail- 
able sites encountered further down the column, form- 
ing a second zone of immobilized antibody. Other, dif- 
ferent antibodies then may be added in the same man- 
ner. The number of antibodies that may be added will 
be limited primarily only by the capacity of the column. 

In one important set of embodiments, the invention 
relates to immunoassay procedures wherein the binding 



protein is an antibody and the analyte is an antigen. In 
the case .where the binding protein is an antibody, the 
matrix surface may comprise an antibody specific to the 
Fc region of the binding protein antibody. In addition, 
s protein A or protein G , two proteins known to bind to the 
Fc region of immunoglobulins, may be used. 

Competitive immunoassays may be performed us- 
ing the matrices disclosed herein. A sample containing 
analyte is applied to the matrix, along with a known 
io quantity of a tagged analog of the analyte, such that the 
analyte and analog compete for complex formation with 
a limited amount of the immobilized antibody. The com- 
peting analog may be a tagged, purified form of the sam- 
ple antigen. The analog may be tagged, e.g., with a flu- 
is orescent or radioactive tracer material, or an enzyme. 
The fraction of tagged analog bound to the matrix, or the 
amount which escapes binding, is then measured and 
is related to the amount of analyte present in the sample. 
Alternatively, the sample and the tagged analog may be 
loaded onto the column sequentially. Since competitive 
assay requires that insufficient.binding sites are present 
to bind all analog and analyte, a matrix having a lower 
capacity such as non-porous perfusive particles may be 
advantageous for this method. The amount of labeled 
analog bound, or escaping binding, may be determined 
either before or after elution from the column. An en- 
zyme substrate solution passed through the column will 
be acted on by the immobilized enzyme, and the extent 
of reaction can be assessed by monitoring reaction pro- 
duction in the effluent. 

In the currently preferred form of assay, the analyte 
is detected by a "sandwich" procedure in which a sec- 
ond antibody binds to previously bound analyte, wherein 
the second antibody is linked to an assayable moiety 
such as an enzyme. In the procedure, the rate at which 
the reagents are brought into interactive contact with the 
surface is dominated by convection as opposed to dif- 
fusion used in the normal enzyme linked immunoassay 
(ELISA). Two or more assays may be easily conducted 
simultaneously The flow of enzyme substrate used to 
assess the amount of enzyme tag immobilized on the 
column may be stopped for a short period of time during 
passage through the column to enhance sensitivity. 

In one embodiment of an ELISA, a binding protein 
is immobilized on a column containing the perfusive ma- 
trix particles. An antigen (the analyte) is then perfused 
through the column containing the immobilized binding 
protein to form a binding protein:analyte complex on the 
matrix. A tagging reagent comprising an enzyme linked 
to an antibody capable of binding with the complex is 
then perfused through the column, allowing the tagging 
reagent to bind to the immobilized binding protein:ana- 
lyte complex. Perfusion of the matrix with an enzyme 
substrate solution results in the elution of product which 
can be detected spectroscopically or by any of number 
of methods known in the art. This provides a rapid assay 
of the analyte. Any of a number of parameters may be 
adjusted to improve resolution. The flow rate may be ad- 
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justed. The flow also may be stopped after loading sol- 
utes such as the analyte, tagging reagent or enzyme 
substrate to allow the solute to bind or react on the ma- 
trix, thereby enhancing binding and improving the sen- 
sitivity of the assay. The use of perfusive matrix to per- 5 
form a rapid flowthrough ELISA provides an improved 
method compared to the use of a well, because enzyme 
inhibitors which may be present in a sample are re- 
moved. 

An apparatus 58 that may be utilized to perform an 10 
ELISA is shown in Figure 5. The apparatus 58 includes 
an injector 50, with entry ports 60 through which the an- 
alyte, tagging reagent or other samples are loaded. 
Sample liquids from injector 50 (e.g., a pump) are deliv- 
ered through line 64 to a flow regulating valve 54. valve '5 
54 then directs flow through line 62 to column 52, con- 
taining close packed perfusive matrix particles compris- 
ing immobilized binding sites specific for the analyte. 
Flow then continues through line 66 back to valve 54, 
where the column eluent is diverted through line 68 to 20 
detector 56, e.g., a conventional spectrophotometer. 
The flow regulating valve 54 or the injector 50 may be 
used to provide a stop-flow mode on the column. In the 
stop-flow mode, flow from line 64 may be directed 
through valve 54 and then directly through line 68 to de- 25 
tector 56, or fluid flow may be interrupted by stopping 
injector 50. Assays may be readily performed using sys- 
tem 58. The stop-flow mode allows the flow to be 
stopped during the addition of any reagent, including the 
analyte or'the tagging, reagent, to enhance binding. The 30 
sensitivity of the assay can also be enhanced by mixing 
the analyte and the tagging reagent together in injector 
50 before loading onto the column to further promote 
binding. 

Perfusive matrix columns that may be utilized in- 35 
elude Poros G/M (protein G affinity, low capacity 7 mg/ 
ml-human IgG, 20 u,m); Poros G/M (high capacity, 14 
mg/ml human IgG, 20 pm); Poros R/M (reverse phase, 
20 ujn); and Poros OH/M (hydrophilic base material, 
20ujti), which are available from PerSeptive Biosys- 40 
terns, Inc. of Cambridge, Massachusetts, U.S.A. 

Example 1 

An ELISA assay using IgG as the analyte was per- 45 
formed using a perfusive column on which IgG binding 
protein, protein G, was immobilized. A solution of a 
known concentration of IgG was perfused through the 
column, followed by a solution of the tagging reagent, 
an anti-IgG antibody linked to alkaline phosphatase, so 
The IgG was assayed by perfusing the column with a 
solution of the enzyme substrate p-nitrophenyl phos- 
phate (PNPP). The substrate solution was incubated by 
stopping the flow through the column for 30 seconds, 
and detecting the reaction by measuring the absorb- -55 
ance of column eluant at 450 nm. 

The following reagents were used in the assay. The 
perfusive matrix column was Poros G/M (protein G af- 



finity, low capacity, 7 mg/ml-human IgG, 20 u.m), 0.1 x 
2 cm, packed at 50 bar. The loading buffer was 1 M 
NH 4 CH 3 COOH, pH 7.1 , containing 100 ug/ml bovine se- 
rum albumin (BSA) (Sigma, A-7906). The analyte, pol- 
yclonal goat-IgG (G-IgG) (Sigma, I -5256) was dissolved 
in loading buffer and syringe-filtered (Filtration Devices 
Inc., Acton, MA, 25 mm x 0.22 urn), and loaded at 0.05 
ml/min. Rabbit anti-goat F(ab) 2 tagged with alkaline 
phosphatase (RAG-AP) (Pierce, 31324) was diluted in 
loading buffer and syringe filtered and loaded at 0.01 
ml/min. The enzyme substrate p-nitrophenyl phosphate 
(PNPP, Pierce, 34046) was dissolved in 10 mM dieth- 
anolamine, 0.5 mM MgCI 2 , pH 9.5 at 0.1 or 1.0 mg/m. 
The absorbance was read at 405 nm after 30 seconds 
of stop flow. The solution was prepared fresh daily then 
filtered (Millipore, Type GV, 0.22 ujti). 

An HP1090 (Hewlett Packard) HPLC was utilized 
modified with a 10-port valve (Valco, Houston, TX). 
Samples were injected via an auto injector. An external 
valve switch diverted the flow over the column to the de- 
tector (Perkin-Elmer, LC-95). In the stop-flow mode, an 
external valve switch was activated which diverted the 
flow away from th e column and to the detector. The stop- 
flow mode allowed substrate to be stopped on the col- 
umn for a given length of time while, at the same time, 
taking a continuous background measurement of sub- 
strate alone. The column was stripped after several 
stop-flow time points were taken for each sample. 

After each assay run, the protein G column was 
washed with loading buffer followed by a stripping.solu- 
tion (20 % acetic acid containing 300 mM MgCy to re- 
move all IgG, then reequilibrated with loading buffer. Af- 
ter this, PNPP was passed over the stripped column, 
before the next sample was added, and stop-flow meas- 
urements were taken at several time points to determine 
residual enzyme activity. If the background was too high 
the column was rewashed and the background was 
checked again. 

The results of the G-IgG assay are shown plotted 
in Fig. 6. As shown, optical density of the enzyme sub- 
strate solution is proportional to the number of nano- 
grams of IgG present in the test solutions. 

Example 2 

The procedure of Example 1 was followed, except 
that after loading the tagging reagent, rabbit anti-Goat 
F(ab) 2 alkaline phosphatase, the flow was stopped for 
15, 30 and 60 seconds, respectively, to allow enhanced 
binding of the tagging reagent to the G-IgG on the col- 
umn. PNPP was then loaded and the peak areas gen- 
erated by enzyme product formation were analyzed us- 
ing Maxima 820 software. As shown in Figure 7, the in- 
crease in residence time of the tagging reagent on the 
column can increase sensitivity of the assay, down to 
about 50 ng. 
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Example 3 

The assay procedure of Example 2 was followed, 
except that the IgG and the tagging reagent, rabbit anti- 
Goat F(ab) 2 alkaline phosphatase, were preincubated 
for 30 minutes at room temperature to facilitate binding, 
and then loaded onto the column. Enzyme substrate 
PNPP was then loaded onto the column with stop flow 
for 15, 30, or 60 seconds. The peak areas generated 
upon enzyme product formation were analyzed using 
Maxima 820 software. According to this method the sen- 
sitivity was further increased to 1 ng of analyte. The re- 
sults are shown plotted in Figure 8. 



Claims 

1 . An apparatus for rapid flowthrough assay of an an- 
alyte, comprising: 

a flowpath defined by a rigid matrix contained 
within a containing volume (52), the matrix hav- 
ing a surface with an area, the flowpath having 
a flowpath volume tillable with fluid having ac- 
cess to the surface, 

first binding sites which are disposed on the 
surface and which bind selectively with an an- 
alyte to form a surface-immobilized binding 
site:anaiyte complex, 

means for delivering convectively, to the flow- 
path volume, and substantially adjacent the 
surface, a liquid sample containing an analyte 
under conditions to permit formation of the 
binding site:analyte complex; 

means for delivering convectively, to the flow- 
path volume, and substantially adjacent the 
surface, a detectable tagging reagent which 
binds with one of the binding site and the bind- 
ing site:analyte complex, thereby to immobilize 
molecules of the tagging reagent on trie sur- 
face, and 

means (56) for detecting the quantity of the tag- 
ging reagent immobilized on the surface there- 
by to permit determination of the presence or 
concentration of analyte in the sample, 

the ratio of the area of the surface to the flow- 
path volume being at least 10 4 cm* 1 . 

2. The apparatus of claim 1 wherein said ratio is at 
least 1 0 6 cm' 1 . 

3. The apparatus of claim 1 , wherein the means for 
convective delivery of the analyte or the tagging re- 



agent includes means for temporarily stopping flow- 
through to enhance binding. 

4. The apparatus of claim 1 , wherein the tagging rea- 

s gent binds with the analyte, 

wherein the apparatus further comprises means for 
preincubating the analyte and the tagging reagent 
to allow binding of the analyte and the tagging rea- 
gent, and wherein the means for delivering the an- 

10 alyte and the means for delivering the tagging rea- 
gent are comprised of a single means for delivering 
convectively the bound analyte and tagging reagent 
together. 

75 5. The apparatus of claim 1 , wherein the means for 
detecting comprises a spectrophotometer, a spec- 
trofluorimeter, or an illuminescent detector mounted 
for analysis of liquid exiting the matrix. 

20 6. The apparatus of claim 1 wherein the tagging rea- 
gent comprises an enzyme, the apparatus further 
comprising means for flowing an enzyme substrate 
solution through the matrix, the means for detecting 
comprising means for detecting the product of the 
25 enzymatic reaction of the substrate. 

7. The apparatus of claim 1 wherein the matrix com- 
prises a microcapillary tube having an internal di- 
ameter less than about four micrometers. 

30 

8. The apparatus of claim 1 wherein the matrix com- 
prises a plurality of intercontacted particles which 
define intraparticle throughpores and interparticle 
throughpores defining the flowpath through which 
the liquid sample or the tagging reagent is deliv- 
ered. 
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9. The apparatus of claim 8 wherein the particles com- 
prise interadhered clusters of smaller nonporous 

40 particles and the surface comprises the surface of 
the nonporous particles. 

10. The apparatus of claim 1 wherein the surface com- 
prises a hydrophobic polymer surface. 

45 

11. The apparatus of claim 10 wherein the binding pro- 
tein is disposed on the surface by hydrophobic/hy- 
drophobic interaction. 

so 12. The apparatus of claim 8 wherein the surface com- 
prises a cross-linked acrylic polymer surface. 

13. The apparatus of claim 12 wherein the acrylic pol- 
ymer comprises polystyrene. 

55 

14. The apparatus of claim 10 wherein said polymer 
comprises polystyrene divinyl benzene. 
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15. The apparatus of claim 1 wherein the matrix com- 
prises a plurality of intercontacted nonporous parti- 
cles which define interparticle throughpores having 
a mean diameter less than about lour micrometers. 

16. The apparatus of claim 15 wherein the particles 
comprise substantially spherical particles having an 
average diameter less than about 12 micrometers. 

17. A rapid assay method comprising the steps of: 

providing a flowpath defined by a rigid matrix 
contained within a containing volume (52), the 
matrix having a surface with an area, the flow- 
path having a flowpath volume tillable with fluid 
having access to the surface, the surface hav- 
ing a multiplicity of first binding sites which bind 
selectively with an analyte to form a surface- 
immobilized binding site:analyte complex, the 
ratio of the area to the flowpath volume being 
at least 1 0 4 cm' 1 , 

delivering convectively, to the flowpath volume, 
and substantially adjacent the surface, a liquid 
sample containing an analyte to form a binding 
site:analyte complex, 

delivering convectively, to the flowpath volume, 
and substantially adjacent the surface, a de- 
tectable tagging reagent which binds with one 
of the binding sites and the binding site:analyte 
complex, thereby to immobilize molecules of 
the tagging reagent on the surface, and 

detecting the quantity of the tagging reagent 
immobilized on the surface, thereby to permit 
determination of the presence or the concen- 
tration of analyte in the sample. 

18. The method of claim 17 wherein the ratio is at least 
1 0 6 cnr 1 . 

■19. The method of claim 17 wherein the step of deliv- 
ering convectively the analyte or the tagging rea- 
gent includes the step of temporarily stopping flow- 
through to enhance binding. 

20. The method of claim 1 7 wherein the tagging reagent 
binds with the analyte; wherein the method further 
comprises, prior to the step of delivering the analyte 
and the tagging reagent, preincubating the analyte 
and the tagging reagent together to enhance bind- 
ing, and wherein the bound anajyte and tagging re- 
agent are delivered convectively together. 

21 . The method of claim 1 7 wherein the tagging reagent 
is detected by means of a spectrophotometer, a 
spectrofluorimeter, or an illuminescent detector 



mounted for analysis of liquid exiting the matrix. 

22. The method of claim 1 7 wherein the tagging reagent 
comprises an enzyme, wherein the method further 
5 comprises providing a means for flowing an enzyme 
substrate solution through the matrix, and means 
for detecting the product of enzymatic reaction of 
the substrate. 

10 23. The method of claim 17 wherein the matrix compris- 
es a microcapillary tube having an internal diameter 
less than about four micrometers. 

24. The method of claim 1 7 wherein the matrix compris- 
es es a plurality of intercontacted particles which de- 
fine intraparticle throughpores and interparticle 

' throughpores defining the flowpath through which 
the liquid sample or the tagging reagent is deliv- 
ered. 

25. The method of claim 24 wherein the particles com- 
prise interadhered clusters of smaller nonporous 
particles and the surface comprises the surface of 
the nonporous particles. 



Patentanspruche 

1. Vorrichtung zur schnellen Bestimmung einer zu 
30 analysierenden Substanz im DurchfluBverfahren, 
die aufweist: 

einen Stromungsweg, der durch eine nichtelas- 
tische Matrix vorgegeben ist, die in einem Be- 
haltervolumen (52) enthalten ist und eine Ober- 
flache mit einer Flache aufweist, und der ein 
Stromungswegvolumen besitzt, das mit Flus- 
sigkeit fullbar ist, die Zugang zur Oberflache 
hat, 

erste Bindungsstellen, die sich auf der Oberfla- 
che befinden und mit einer zu analysierenden 
Substanz eine selektive Bindung eingehen, 
wobei ein Komplex zwischen der an der Ober- 
flache immobilisierten Bindungsstelle und der 
zu analysierenden Substanz gebildet wird, 
eine Zufuhreinrichtung zur konvektiven Zufuhr 
einer fiussigen Probe, die eine zu analysieren- 
de Substanz enthalt, zu dem Stromungsweg- 
volumen und im wesentlichen in der Nachbar- 
schaft der Oberflache unter Bedingungen, un- 
ter denen sich der Komplex aus Bindungsstelle 
und zu analysierender Substanz bilden kann, 
eine Zufuhreinrichtung zur konvektiven Zufuhr 
eines erfaGbaren Markierungsreagens, das ei- 
ne Bindung mit einer Bindungsstelle Oder mit 
dem Komplex aus Bindungsstelle und zu ana- 
lysierender Substanz eingeht, zu dem Stro- 
mungswegvolumen und im wesentlichen in der 
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durchmesser von weniger als etwa 4 u^m aufweist. 

8. Vorrichtung nach Anspruch 1 , wobei die Matrix aus 
einer Vielzahl miteinander in Kontakt stehender 

5 Partikel besteht, die innerhalb der Partikel vorlie- 
gende und zwischen den Partikeln vorliegende 
Durchgangsporen vorgeben, die ihrerseits den 
Stromungsweg vorgeben, durch den die flussige 
Probe oder das Markierungsreagens zugefuhrt 

to werden. 

9. Vorrichtung nach Anspruch 8, wobei die Partikel 
Cluster aneinander haftender kleinerer nichtporo- 
ser Partikel sind und die Oberflache die Oberflache 

is der nichtpordsen Partikel ist. 

1 0. Vorrichtung nach Anspruch 1 , wobei die Oberflache 
eine hydrophobe Polymeroberflache ist. 

20 11. Vorrichtung nach Anspruch 10, wobei ein zur Bin- 
dung befahigtes Protein durch hydrophobe Wech- 
selwirkung an der Oberflache angeordnet ist. 

12. Vorrichtung nach Anspruch 8, wobei die Oberflache 
25 eine vernetzte Acrylpolymer-Oberflache umfaBt. 

13. Vorrichtung nach Anspruch 1 2, wobei das Acrylpo- 
lymer Polystyrol enthalt. 



Nachbarschaft der Oberflache unter Immobili- 
sierung von Molekulen des Markierungsrea- 
gens an der Oberflache 
und 

eine Erfassungseinrichtung (56) zur Erfassung 
der Menge des an der Oberflache immobilisier- 
ten Markierungsreagens, urn so das Vorliegen 
oder die Konzentration der zu analysierenden 
Substanz in der Probe bestimmen zu konnen, 

wobei das Verhaltnis der Flache der Oberflache 
zum Stromungswegvolumen mindestens 10 4 cm* 1 
betragt. 

2. Vorrichtung nach Anspruch 1 , wobei das Verhaltnis 
der Flache der Oberflache zum Stromungswegvo- 
lumen mindestens 10 6 cnrr 1 betragt. 

3. Vorrichtung nach Anspruch 1 , wobei die Zufuhrein- 
richtung zur konvektiven Zufuhr'der zu analysieren- 
den Substanz oder die Zufuhreinrichtung zur kon- 
vektiven Zufuhr des Markierungsreagens eine Ein- 
richtung zur vorubergehenden Unterbrechung des 
Durchflusses zur Forderung der Bindung aufweist. 

4. Vorrichtung nach Anspruch 1, wobei das Markie- 
rungsreagens eine Bindung mit der zu analysieren- 
den Substanz eingeht, 

die ferner eine Einrichtung zur Vorinkubation 
der zu analysierenden Substanz mit dem Mar- 
kierungsreagens aufweist, urn die Bindung der 
zu analysierenden Substanz an das Markie- 
rungsreagens zu ermdglichen, 
und bei der die Zufuhreinrichtung zur Zufuhr 
der zu analysierenden Substanz und die Zu- 
fuhreinrichtung zur Zufuhr des Markierungs- 
reagens aus einer einzigen Zufuhreinrichtung 
zur gemeinsamen konvektiven Zufuhr der ge- 
bundenen zu analysierenden Substanz und 
des Markierungsreagens bestehen. 

5. Vorrichtung nach Anspruch 1, wobei die Erfas- 
sungseinrichtung ein Spektralphotometer, ein Fluo- 
reszenzspektrometer oder ein Lumineszenzdetek- 
tor ist, die zur Analyse von aus der Matrix austre- 
tender Flussigkeit angeordnet sind. 

6. Vorrichtung nach Anspruch 1, wobei das Markie- 
rungsreagens ein Enzym ist, die ferner eine Einrich- 
tung zum Durchleiten einer Enzymsubstratlosung 
durch die Matrix aufweist und bei der die Erfas- 
sungseinrichtung eine Einrichtung zur Erfassung 
des Produkts der enzymatischen Umsetzung des 
Substrats aufweist. 

7. Vorrichtung nach Anspruch 1 , wobei die Matrix ein 
Mikrokapillarrohrchen umfaBt, das einen Innen- 



30 14. Vorrichtung nach Anspruch 10, wobei das Polymer 
ein Polystyrol-Divinylbenzol-Copolymer ist. 

15. Vorrichtung nach Anspruch 1 , wobei die Matrix aus 
einer Vielzahl miteinander in Kontakt stehender 
35 ■ nichtporoser Partikel besteht, die zwischen den 
Partikeln liegende Durchgangsporen vorgeben, die 
eine mittlere TeilchengroBe von weniger als etwa 4 
urn aufweisen. 

40 16. Vorrichtung nach Anspruch 15, wobei die Partikel 
im wesentlichen spharische Partikel einer mittleren 
TeilchengroBe von weniger als etwa 12 u.m sind. 

17. Schnelles Analysenverfahren, dasfolgende Schrit- 
45 te umfaBt: 

Vorsehen eines Stromungswegs, der durch ei- 
ne nichtelastische Matrix vorgegeben ist, die in 
einem Behaltervolumen (52) enthalten ist und 
50 eine Oberflache mit einer Flache aufweist, und 

der ein Stromungswegvolumen besitzt, das mit 
Flussigkeit fullbar ist, die Zugang zur Oberfla- 
che hat, 

wobei die Oberflache eine Vielzahl erster Bin- 
55 dungsstellen aufweist, die mit einer zu analy- 

sierenden Substanz eine selektive Bindung 
eingehen, wobei ein Komplex zwischen der an 
der Oberflache immobilisierten Bindungsstelle 
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und der zu analysierenden Substanz gebildet 
wird und das Verhaltnis der Flache der Ober- 
flache zum Stromungswegvolumen minde- 
stens 10 4 cm" 1 betragt, 

konvektive Zufuhr einer flussigen Probe, die ei- s 
ne zu analysierende Substanz enthalt, zu dem 
Stromungswegvolumen und im wesentlichen in 
der Nachbarschalt der Oberflache unter Bil- 
dung eines Komplexes aus Bindungsstelle und 
zu analysierender Substanz, ?o 
konvektive Zufuhr eines erfaBbaren Markie- 
rungsreagens, das eine Bindung mit einer Bin- 
dungsstelle oder mit dem Komplex aus Bin- 
dungsstelle und zu analysierender Substanz 
eingeht, zu dem Stromungswegvolumen und *5 
im wesentlichen in der Nachbarschaft der 
Oberflache unter Immobilisierung von Moleku- 
len des Markierungsreagehs an der Oberflache 
und 

Erfassung der Menge des an der Oberflache 20 
immobilisierten Markierungsreagens, um so 
das Vorliegen oder die Konzentration der zu 
analysierenden Substanz in der Probe bestim- 
men zu konnen. 

25 

1B. Verfahren nach Anspruch 17, wobei das Verhaltnis 
der Flache der Oberflache zum Stromungswegvo- 
lumen mindestens 10 6 cm" 1 betragt. 

19. Verfahren nach Anspruch 17, wobei der Schritt der 30 
konvektiven Zufuhr der zu analysierenden Sub- 
stanz oder der Zufuhr des Markierungsreagens den 
Schritt der vorubergehenden Unterbrechung des 
Durchflusses zur Forderung der Bindung umfaBt. 

35 

20. Verfahren nach Anspruch 17, wobei das Markie- 
rungsreagens eine Bindung mit der zu analysieren- 
den Substanz eingeht, 

das f emer vor dem Schritt der Zufuhr der zu analy- 
sierenden Substanz und des Markierungsreagens 40 
eine Vorinkubation derzu analysierenden Substanz 
mit dem Markierungsreagens umfaGt, um deren 
Bindung zu fordern, und bei dem die gebundene zu 
analysierende Substanz und das Markierungsrea- 
gens gemeinsam konvektiv zugefuhrt werden. . 45 

21. Verfahren nach Anspruch 17, wobei das Markie- 
rungsreagens mit einem Spektralphotometer, ei- 
nem Fluoreszenzspektrometer oder einem Lumi- 
neszenzdetektor bestimmt wird, die zur Analyse der so 
aus der Matrix austretenden Flussigkeit angeordnet 
sind. 

22. Verfahren nach Anspruch 17, wobei das Markie- 
rungsreagens ein Enzym ist, bei dem ferner eine 55 
Einrichtung zum Durchleiten einer Enzymsubstrat- 
losung durch die Matrix und eine Einrichtung zur Er- 
fassung des Produkts der enzymatischen Umset- 



zung des Substrats eingesetzt werden. 

23. Verfahren nach Anspruch 17, wobei die Matrix ein 
Mikrokapillarrohrchen umfaBt, das einen Innen- 
durchmesser von weniger als etwa 4 |im aufweist. 

24. Verfahren nach Anspruch 17, wobei die Matrix aus 
einer Vielzahl miteinander in Kontakt stehender 
Partikel besteht, die innerhalb der Partikel vorlie- 
gende und zwischen den Partikeln vorliegende 
Durchgangsporen vorgeben, die ihrerseits den 
Stromungsweg vorgeben, durch den die flussige 
Probe oder das Markierungsreagens zugefuhrt 
werden. 

25. Verfahren nach Anspruch 24, wobei die Partikel 
Cluster aneinander haftender kleinerer nichtporo- 
ser Partikel sind und die Oberflache die Oberflache 
der nichtporosen Partikel ist. 

Revendications 

1. Appareil pour ('analyse rapide par ecoulement 
d'une substance a analyser, comprenant: 

une voie d'ecoulement definie par une matrice 
rigide contenue dans un volume (52), la matrice 
ayant une superficie avec une surface, la voie 
d'ecoulement ayant un volume de voie d'ecou- 
lement pouvant se remplir avec un fluide ayant 
acces a la superficie, 

des premiers sites de liaison disposes sur la su- 
perficie qui se lient de facon selective avec une 
substance a analyser en formant un complexe 
entre le site de liaison et la substance a analy- 
ser immobilise a la superficie, 
des moyens d'alimentation pour la delivrance 
convective d'un echantillon liquide contenant 
une substance a analyser au volume de voie 
d'ecoulement et substantiellement adjacent, a 
la superficie, sous des conditions permettant la 
formation du complexe site de liaison/substan- 
ce a analyser, 

des moyens d'alimentation pour la delivrance 
convective d'un reactif marqueur detectable qui 
se lie soit avec un site de liaison soit avec le 
complexe site de liaison/substance a analyser 
au volume de voie d'ecoulement et substantiel- 
lement adjacent a la superficie de facon a im- 
mobiliser des molecules du reactif marqueur 
sur la superficie et 

des moyens de detection (56) pour detecter la 
quantite du r6actif marqueur immobilise sur la 
superficie de facon a permettre la detection de 
la presence ou de la concentration en substan- 
ce a analyser dans I'echantillon, 
le rapport entre la surface de la superficie et le 
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volume de la voie d'ecoulement etant d'au 
moins 1 0 4 cm" 1 . 

2. Appareil selon ia revendication 1, dans lequel le 
rapport est d'au moins 10 6 cm -1 . 

3. Appareil selon la revendication 1, dans lequel les 
moyens d'alimentation pour la delivrance convecti- 
ve de la substance a analyser ou du reactif mar- 
queur comprenant des moyens pour arreter tempo- 
rairement recoupment dans le but de favoriser la 
liaison. 

4. Appareil selon la revendication 1, dans lequel le 
reactif marqueur se lie avec la substance a analy- 
ser, Pappareil comprend de plus des moyens pour 
ia preincubation de la substance a analyser avec le 
reactif marqueur pour permettre la liaison entre la 
substance a analyser et le reactif marqueur, et les 
moyens d'alimentation pour la delivrance de la 
substance a analyser et les moyens d'alimentation 
pour la delivrance du reactif marqueur consistent 
en un seul moyen d'alimentation pour la delivrance 
convert ive de la substance a analyser et du reactif 
marqueur ensemble. 

5. Appareil selon la revendication 1, dans lequel les 
moyens de detection comprennent un spectropho- 
tometre, un spectrofluorometre ou un detecteur de 
luminescence prevus pour I'analyse d'un liquide 
sortant de la matrice. 

6. Appareil selon la revendication 1, dans lequel le 
reactif marqueur est une enzyme, I'appareil com- 
prend de plus des moyens pour I'ecoulement d'une 
solution de substrat de I'enzyme au travers de la 
matrice, les moyens de detection comprenant des 
moyens de detection du produit de la reaction en- 
zymatique du substrat. 

7. Appareil selon la revendication 1, dans lequel la 
matrice comprend un tube microcapillaire. ayant un 
diametre interne inferieur a environ 4 urn. 

8. Appareil selon la revendication 1, dans lequel. la 
matrice consiste en une multitude de particules in- 
ter-connect6es qui d6finissent des pores continus 
intra-particules et des pores continus interparticu- 
les definissant la voie d'ecoulement au travers des- 
quels Techantilion liquide ou le reactif marqueur 
sont delivres. 

9. Appareil selon la revendication 8, dans lequel les 
particules sont des pelotons interadheres de parti- 
cules non-poreuses plus petites, et la superficie est 
la superficie des particules non-poreuses. 

1 0. Appareil selon la revendication 1 , dans lequel la su- 



perficie est une superficie de polymere hydropho- 
be. , 

11. Appareil selon la revendication 10, dans lequel une 
5 proteine capable de se lier est prevue sur la super- 
ficie par interaction hydrophobe. ' 

12. Appareil selon la revendication 8, dans lequel la su- 
perficie comprend une superficie de polymere 

10 acrylique reticule. 

13. Appareil selon la revendication 12, dans lequel le 
polymere acrylique comprend du polystyrene. 

J* 14. Appareil selon la revendication 10, dans lequel le 
polymere est un copolymere polystyrene/divinyl- 
benzene. 

15. Appareil selon la revendication 1, dans lequel la 
20 matrice consiste en une multitude de particules 
. non-poreuses etant en contact entre elles et defi- 
nissant des pores continus interparticules ayant un 
diametre moyen inferieur a environ 4 um 

25 16. Appareil selon la revendication 15, dans lequel les 
particules sont des particules substantiellement 
speriques ayant un diametre moyen inferieur a en- 
viron 12um 

30 17. Procede d'analyse rapide comprenant les etapes 
suivantes: 

prevoir une voie d'ecoulement definie par une 
matrice rigide contenue dans un volume (52), 
35 la matrice ayant une superficie avec une surfa- 

ce, la voie d'ecoulement ayant un volume de 
voie d'ecoulement pouvant se remplir avec un 
fluide ayant acces a la superficie, la superficie 
ayant une multitude de premiers sites de liaison 
40 qui se lient de facon selective avec une subs- 

tance a analyser en formant un complexe site 
de liaison/substance a analyser immobilisee a 
la superficie, le rapport entre la surface et le vo- 
lume d'ecoulement etant au moins de 1 0 4 cm" 1 , 
45 . a delivrerconvectivement un echantillon liquide 
contenant une substance a analyser au volume 
de voie d'ecoulement et adjacent a la superficie 
en formant un complexe site de liaison/subs- 
tance a analyser, 
50 - & delivrer convectivement un reactif marqueur 
detectable qui se lie soit avec un site de liaison 
soit avec le complexe site de liaison/substance 
a analyser au volume de voie d'ecoulement et 
adjacent a la superficie de facon a immobiliser 
55 des mole cules du reactif marqueur sur la su- 

perficie, et 

a detecter la quantite de reactif marqueur im- 
mobilise sur la superficie, de facon a permettre 
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la detection de la presence ou de la concentra- 
tion en substance a analyser dans Pechantillon. 

18. Procede selon la revendication 17, dans lequel le 
rapport est d'au moins 1 0 6 cm -1 . 5 

19. Procede selon la revendication 17, dans lequel 
I'etape de la delivrance convective de la substance 
a analyser ou du reactif marqueur comprend I'etape 
d'arret de facon temporaire de la voie d'ecoulement 10 
pour favoriser la liaison. 

20. Procede selon la revendication 17, dans lequel le 
reactif marqueur se lie avec la substance a analy- 
ser, et le procede comprend de plus, avant I'etape is 
de la delivrance de la substance a analyser et du 
reactif marqueur, la preincubation de la substance 

a analyser avec le reactif marqueur pour favoriser 
la liaison, et la substance a analyser et le reactif 
marqueur lies sont delivres ensemble convective- 20 
ment. 

21. Proced6 selon la revendication 17, dans lequel le 
reactif marqueur est detecte au moyen d'un spec- 
trophotometre, d'un spectrofluorometre ou d'un de- 25 
tecteur de luminescence prevus pour I'analyse du 
liquide sortant de la matrice. 

22. Procede selon la revendication 17, dans lequel le 
reactif marqueur est une enzyme, et le proced§ 30 
comprend de plus des moyens pour I'ecoulement 
d'une solution de substrat de I'enzyme au travers 

de la matrice et des moyens pour detecter le produit 
de la reaction enzymatique du substrat. 

35 

23. Procede selon la revendication 17, dans lequel la 
matrice comprend un tube microcapillaire ayant un 
diametre interne inferieur a environ 4 urn. 

24. Procede selon la revendication 17, dans lequel la 40 
matrice consiste en une multitude de particules in- 
ter-connectees qui definissent des pores continus 
intra-particules et des pores continus interparticu- 

les definissant la voie d'ecoulement au travers des- 
quels Pechantillon liquide ou le reactif marqueur 45 
sont delivres. 

25. Procede selon la revendication 24, dans lequel les 
particules sont des pelotons interadheres de parti- 
cules non-poreuses plus petites, et la superficie est 50 
la superficie des particules non-poreuses. 
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Fig. 2 




Fig. 3 
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Fig. 4 
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